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PreviewsThe refocusing of gd TCR diversity on a
recurrent Vd1-(Dd2)-Dd3-Jd1 rearrange-
ment whose product has a good struc-
tural fit to CD1d evokes developmental
selection events. All CD1 genes are highly
expressed in the thymus, and CD1d ex-
pressed by thymocytes (as opposed to
thymic epithelial cells) positively selects
developing iNKT cells (Bendelac, 1995).
This selection process, mediated by the
transcription factor promyelocytic leuke-
mia zinc finger (PLZF) protein, signaling
lymphocyte adaptor molecule (Slam)
receptors, and the SLAM-associated
adaptor protein (SAP), also confers on
iNKT cells their signatory rapid cytokine
responsiveness to TCR stimulation.
Possibly CD1 also selects human Vd1+
cells. Encouraging this view, a subset of
murine Vd6.3Vg1+ cells developmentally
acquires NKT-like rapid responsiveness
in a PLZF, SLAM-SAP-dependent pro-
cess. Because CD1a, CD1b, and CD1c
are absent from the mouse, studies ex-
ploring CD1-mediated selection of human
gd T cells might require the introduction of
human CD1 genes into murine fetal
thymic organ cultures in which T cell
development can be routinely assessed.
Germane to refocusing gd TCR diver-
sity, the homogeneity of the Vg5Vd1
dendritic epidermal T cell compartment
has been attributed to thymic positive se-996 Immunity 39, December 12, 2013 ª2013lection by Skint1, a member of the
extended B7 family of costimulators that
is itself ancestrally related to MHC (Lewis
et al., 2006). Within the B7 family, Skint is
most closely related to buytrophilins, in
which regard it has since been shown
that the reactivity of many peripheral
blood Vg9Vd2 cells is regulated by butyr-
ophilin 3A1 (Harly et al., 2012). In sum, the
gd TCR repertoire might be powerfully
shaped by several MHC-related mole-
cules, among which CD1 might play a
substantive role. The aggregate result
might be a unique repertoire for the
recognition of foreign antigens, path-
ogen-associated molecular patterns,
and/or self-encoded stress antigens.
Evolutionarily, it might be that overlaps
in the repertoires of TCRab+ and TCRgd+
T cells have emerged only relatively
recently. With the enormous potential of
recombinase-activating genes (RAG) 1
and 2 to generate diversity in antigen re-
ceptor proteins, the shape of T cell reper-
toires is largely determined by thymic
selection events that in the context of gd
T cells are now appropriately receiving
more attention.REFERENCES
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Salmonella bacteria often cause food-borne diseases. In this issue of Immunity, Choi et al. (2013) demon-
strate that the Salmonella Typhimurium-secreted protein tyrosine phosphatase, SptP, suppresses mast
cell degranulation, which enables bacterial dissemination.Mast cells are present at the body’s inter-
face with the environment in locations
such as the skin, gastrointestinal tract,
airway, and vasculature. Arising from
multipotent hematopoietic progenitors,
immature progenitors leave the bonemarrow and complete their development
peripherally within connective or mucosal
tissues (Okayama and Kawakami,
2006). Mast cells have been extensively
characterized as effectors of allergic
reactions (Galli and Tsai, 2012). Stimula-tion of immunoglobulin E (IgE)-sensitized
mast cells with antigen causes the release
(i.e., degranulation) of preformed granule-
associated proallergic mediators, such as
histamine, serotonin, proteases, and tu-
mor necrosis factor (TNF), within minutes
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Figure 1. S. Typhimurium Suppresses Mast Cell Degranulation by the Protein Tyrosine
Phosphatase SptP
(Left) WT S. Typhimurium-encoding SptP invades the host intestine and suppresses mast cell degranula-
tion by T3SS-mediated injection of SptP, which targets Syk and NSF. Suppressed mast cell activation
entails reduced recruitment of neutrophils to combat the bacteria, leading to severe infection.
(Right) However, upon infection with DsptP S. Typhimurium, mast cells release granule-associated effec-
tors, some of which recruit neutrophils to contain the bacteria to localized areas. YopH-containing
Y. pestis can suppress mast cell activation similarly to WT S. Typhimurium, whereas E. coli allows mast
cell degranulation (not shown). LN, lymph node.
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Previewsof stimulation. The initial activation events
are followed over an extended period
of hours by de novo synthesis and secre-
tion of prostaglandins, leukotrienes, cyto-
kines, and chemokines. In addition to their
role in this adaptive immune response,
the importance of mast cells in the innate
immune response to various pathogens
and toxins has been increasingly recog-
nized in recent years.
Salmonella are Gram-negative faculta-
tive intracellular anaerobes that cause a
wide variety of diseases, including gastro-
enteritis, enteric fever, bacteremia, and
focal infections. In most cases, Salmo-
nella infections begin with the ingestion
of bacteria in contaminated food or water.
The bacteria colonize the intestine and
translocate across the intestinal epithe-
lium via invasion of the enterocytes or Mcells or through dendritic cells that inter-
calate epithelial cells. After crossing the
epithelial layer, the bacteria replicate
in macrophages in Peyer’s patches,
mesenteric lymph nodes, and the spleen.
S. Typhimurium, a disease-causing sero-
var, invades the host by a variety of
means to circumvent host adaptive and
innate immune defense mechanisms; for
example, it modifies the behavior of host
antigen-presenting cells, restricts T cell
proliferation and activation, disrupts the
architecture of lymph nodes, and avoids
recognition by Toll-like receptor 4 (TLR4)
through changing its lipopolysaccharide
structure. However, the role of mast cells
in the defense against Salmonella has
been controversial, given that some
studies have suggested that mast cells
contribute to S. Typhimurium clearanceImmunity 39, D(Chatterjea et al., 2005) and another
has shown that mast-cell-derived TNF
enhances bacterial growth during se-
vere S. Typhimurium infection (Piliponsky
et al., 2010).
In this issue of Immunity, Choi et al.
(2013) reveal that wild-type (WT) S. Typhi-
murium is able to suppress degranulation
of mast cells and uncover the molecular
mechanism of suppression (Figure 1).
Initially, they found that unlike E. coli
infection, intraperitoneal injection of WT
S. Typhimurium does not cause substan-
tial differences in early clearance of bac-
teria or neutrophil recruitment between
WT and mast-cell-deficient mice. Such
results might have discouraged most
researchers from further pursuing the
involvement of mast cells in S. Typhimu-
rium infection. However, the authors
demonstrated that WT S. Typhimurium
has an innate ability to suppress degranu-
lation of variously stimulated rodent and
human mast cells. Given that many path-
ogenic effectors are encoded by genes in
Salmonella pathogenicity islands 1 and 2
(SPI-1 and SPI-2, respectively) and in-
jected into host target cells by type III
secretion system (T3SS), mutant SPI
experiments indicated that the mast cell
degranulation-suppressing gene resides
in SPI-1. Given the critical importance of
tyrosine phosphorylation in degranula-
tion, they focused on the SPI-1-encoded
protein tyrosine phosphatase SptP
(Kaniga et al., 1996). In vitro infection ex-
periments using WT S. Typhimurium and
an isogenic mutant, DsptP, as well as
complementation with SptP domain
mutants, clearly showed that the phos-
phatase activity of SptP is critical for
mast cell suppression. Immunoblot and
confocal imaging data suggested that
Syk, the essential upstream protein tyro-
sine kinase for degranulation (Zhang
et al., 1996), and N-ethylmaleimide-sensi-
tive factor (NSF), a vesicle fusion protein
(Beckers et al., 1989), are dephosphory-
lation targets of SptP. Compared to infec-
tion with WT S. Typhimurium, in vivo
infection with DsptP S. Typhimurium
showed increased neutrophil recruitment
and clearance of bacteria. Using DsptP
S. Typhimurium and mast-cell-deficient
mice, the authors could then show impor-
tant roles for mast cells in neutrophil
recruitment and clearance of bacteria
in peritoneal infection. Consistent with
these results, compared to control mice,ecember 12, 2013 ª2013 Elsevier Inc. 997
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Previewsmast-cell-deficient mice exhibited
reduced early clearance of bacteria in
oral infection with DsptP S. Typhimurium.
The defensive role of mast cells identified
by this study is in line with these cells’
strategic locations in the lamina propria,
where mast cells should have a good
chance of facing invading bacteria before
the bacteria reach mesenteric lymph no-
des and the spleen. Use of a protein tyro-
sine phosphatase with T3SS to block
mast cell degranulation was also shown
in another Gram-negative bacterium Yer-
sinia pestis, which has the homologous
phosphatase YopH.
This study has certainly made a
major step forward in our under-
standing of mast cell interactions with
S. Typhimurium. However, much remains
to be learned. A question of immediate
interest is how mast cells recognize
S. Typhimurium (or mediators released
from infected cells). The authors note
that DsptP S. Typhimurium enhances
Syk phosphorylation induced by stimula-
tion with IgE and anti-IgE, suggesting
that without SptP, Salmonella might
directly activate mast cells. In this regard,
a recent study has shown that the
absence of TLR11 renders mice more
susceptible to S. Typhimurium (Mathur
et al., 2012). Regardless of direct or indi-998 Immunity 39, December 12, 2013 ª2013rect mast cell activation, exposure to
DsptP S. Typhimurium appears to involve
the phosphorylation of Syk. Another
question is related to what the range of
SptP targets is and how dephosphoryla-
tion of the target proteins leads to bio-
logical outcomes such as blockade of
degranulation. Although the current study
shows a clear reduction in tyrosine phos-
phorylation of Syk and NSF in SptP-ex-
pressing cells compared to control cells,
rigorous enzymatic characterization of
SptP-mediated dephosphorylation will
be required for claiming that these mole-
cules are its direct targets. Interestingly,
SptP has a GTPase-activating protein
(GAP) domain involved in the recovery of
cytoskeleton after Salmonella invasion
(Fu and Gala´n, 1999). These observations
suggest that the target proteins of phos-
phatase and GAP activities might be pre-
sent in proximal subcellular locations or
alternatively that the phosphatase activity
works early and GAP activity follows in a
temporally and spatially different manner.
YopH targets remain to be explored.
Another interesting point is what effect
SptP might have in gut epithelial cells
andmacrophages, where S. Typhimurium
can replicate.
In summary, the current study reveals
an effective means adopted by S. Typhi-Elsevier Inc.murium to avoid an innate immune de-
fense mechanism by targeting the central
signaling mechanism of tyrosine phos-
phorylation to shut down mast cells.REFERENCES
Beckers, C.J., Block, M.R., Glick, B.S., Rothman,
J.E., and Balch, W.E. (1989). Nature 339, 397–398.
Chatterjea, D., Burns-Guydish, S.M., Sciuto, T.E.,
Dvorak, A., Contag, C.H., and Galli, S.J. (2005).
Immunol. Lett. 99, 122–129.
Choi, H.W., Brooking, R., Neupane, S., Lee, C.-J.,
Miao, E.A., Staats, H.F., and Abraham, S.N. (2013).
Immunity 39, this issue, 1108–1120.
Fu, Y., and Gala´n, J.E. (1999). Nature 401,
293–297.
Galli, S.J., and Tsai, M. (2012). Nat. Med. 18,
693–704.
Kaniga, K., Uralil, J., Bliska, J.B., and Gala´n, J.E.
(1996). Mol. Microbiol. 21, 633–641.
Mathur, R., Oh, H., Zhang, D., Park, S.G., Seo, J.,
Koblansky, A., Hayden, M.S., and Ghosh, S.
(2012). Cell 151, 590–602.
Okayama, Y., and Kawakami, T. (2006). Immunol.
Res. 34, 97–115.
Piliponsky, A.M., Chen, C.C., Grimbaldeston,
M.A., Burns-Guydish, S.M., Hardy, J., Kalesnikoff,
J., Contag, C.H., Tsai, M., and Galli, S.J. (2010).
Am. J. Pathol. 176, 926–938.
Zhang, J., Berenstein, E.H., Evans, R.L., and Sira-
ganian, R.P. (1996). J. Exp. Med. 184, 71–79.Making Sense of HIV Innate SensingAndrea L. Cox1,* and Robert F. Siliciano1,2
1Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, MD 21205, USA
2Howard Hughes Medical Institute, Baltimore, MD 21201, USA
*Correspondence: acox@jhmi.edu
http://dx.doi.org/10.1016/j.immuni.2013.11.014
Innate sensing of HIV is important in host control and pathogenesis. In this issue of Immunity, Lahaye et al.
(2013) demonstrate that HIV capsid-cyclophilin A interactions affect viral cDNA sensing by the DNA sensor
cCAS and contribute to differential pathogenesis of HIV-1 and HIV-2.Innate immune system sensing of HIV
infection plays a role in multiple aspects
of HIV pathology, including control
of infection and killing of CD4+ T cells.
This sensing occurs in productively in-
fected cells, nonpermissive resting CD4+
T cells, and other cells like macrophagesand dendritic cells (DCs). The HIV-1 re-
striction factor SAMHD1 is highly ex-
pressed in DCs and resting CD4+ T cells
and interferes with reverse transcription
by reducing dNTP amounts, rendering
these cells resistant to infection (Baldauf
et al., 2012, Goldstone et al., 2011, Lagu-ette et al., 2011). HIV-2 encodes Vpx, an
accessory protein that promotes the
degradation of SAMHD-1, allowing both
HIV-2 infection of DCs and innate sensing
of virus in the DCs that might limit HIV-2
pathogenesis (Figure 1) (Baldauf et al.,
2012). Manel et al. (2010) previously
